Introduction
============

Aortic valvular stenosis (AVS) is a chronic and progressive disease. According to previous study in Western population, it has been shown that the rate of aortic jet velocity progression is approximately 0.3 meter/second/year (m/s/yr), the aortic valve area (AVA) decreases by 0.1 cm^2^/yr and the mean gradient increases by 7 to 8 mmHg/yr.[@B1]-[@B4] Also, the rate of hemodynamic progression is associated with the severity of AVS, old age, valve calcification, and concurrent coronary artery disease.[@B3]-[@B6]

Recently, it has been reported that there was ethnic differences in aortic valve (AV) thickness and calcification[@B7][@B8] which may play a role in AVS progression. However, the study of the progression rate of AVS in the Korean population is rare.[@B9] Therefore, the present study was performed to evaluate the progression rate of AVS in Korean patients and to determine clinical, echocardiographic, and biochemical characteristics that may have a bearing on the progression of this common clinical problem.

Methods
=======

Study population
----------------

We retrospectively analyzed echocardiograms of all patients with AVS diagnosed by 2-D and Doppler echocardiography, and selected patients who had at least 2 echocardiography examinations at intervals of 6 months or longer apart from 2003 to 2008. Initially, 541 patients were enrolled. Exclusion criteria were the presense of other significant valvular disease, left ventricular systolic dysfunction (left ventricular ejection fraction \< 40%), congenital heart disease, cardiomyopathy, permanent pacemaker, uncontrolled tachycardia or bradycardia, and history of cardiac surgery. Finally, 326 out of total 541 patients were included in this study.

Clinical data including past medical history and presence of risk factors were obtained by complete review of each patient\'s medical record and laboratory findings. The presence of hypercholesterolemia (total cholesterol \> 200 mg/dL or patients on lipid lowering therapy), diabetes mellitus (fasting plasma glucose \> 126, plasma glucose level (anytime) \> 200 mg/dL, or patients on antidiabetic medication), hypertension (blood pressure ≥ 140/90 mm Hg or patients on anti-hypertensive medication) and coronary artery disease (documented previous myocardial infarction or angiographically documented coronary artery stenosis more than 50% in luminal diameter) were recorded.

This study was approved by the institutional ethical review board.

Echocardiography
----------------

Comprehensive transthoracic echocardiography was performed by commercially available equipments (Vivid 7, GE Medical system, Milwaukee, WI or Acuson 512, Siemens Medical Solution, Mountain View, CA or Sonos 5500, Philips Medical System, Andover, MA, USA). Standard M-mode, 2-D and color Doppler imaging were performed in parasternal, suprasternal, substernal, and apical views with the positional change of the patients. The first and last echocardiograms taken during the study period were used to evaluate the echocardiographic changes. Anatomic measurements were made according to ASE guideline.[@B10] Left ventricular (LV) mass was calculated using the Devereux-modified formula[@B11]: LV mass = 0.8 {1.04 \[(LVEDD + LVPW + IVS)^3^-LVEDD^3^\]}+0.6. LV mass index (LVMI) was calculated from LV mass divided by body surface area (m^2^). AVA was measured using the continuity equation.[@B12] AVS severity was graded on the basis of a variety of hemodynamic data, using maximum aortic jet velocity, mean pressure gradients, and valve area.[@B10] The progression rate in those subjects was expressed by increase of maximum aortic jet velocity per year (m/s/yr). A bicuspid aortic valve (BAV) was diagnosed if only 2 leaflets were present and the commissures were in locations different from those of a normal tricuspid valve.

Statistical analysis
--------------------

Continuous variables are listed as mean ± standard deviation (SD). Because a mean increase in maximum aortic jet velocity per year is 0.12 m/s, the patients were dichotomously divided into rapid (≥ 0.12 m/s/yr) and slow progressors (\< 0.12 m/s/yr). Mean values were compared by the unpaired t test or ANOVA. Kruskall-Wallis test was used when the variances of the groups being compared were unequal. Categorical variables are presented as frequencies or group percentages. Differences in categorical variables were analyzed by Chi-square test or Fisher\'s exact test. Correlations were evaluated with Pearson\'s correlation coefficient. Stepwise multiple linear regression analysis was used to identify the factors which were associated with AVS progression. A *p* value of \< 0.05 was considered statistically significant. All statistical analyses were performed using SPSS 15.0 for Windows (SPSS Inc., Chicago, IL, USA).

Results
=======

Baseline patients characteristics
---------------------------------

Of the 325 patients, 181 (55%) were men. Their mean age was 67 ± 13 years. The mean value of initial maximum aortic jet velocity in total patients was 2.92 ± 0.81 m/s. The AVS was mild in 207 of 326 patients (63%), moderate in 81 (25%), and severe in 37 (12%). One hundred ninety three patients (59%) had hypertension, 93 (29%) were dia-betics, 53 (17%) were current smokers, and 144 (45%) had hypercholesterolemia. There were no significant differences among the three groups in terms of age, gender, hypertension, smoking, and hypercholesterolemia. The LVMI was larger in severe AVS (125.4 ± 34.5 g/m^2^) compared to moderate (121.7 ± 34.1 g/m^2^) and mild (111.6 ± 32.3 g/m^2^) (*p* = 0.013). BAV was present in 41 (13%) and more frequent in severe AVS than in moderate and mild AVS (32% vs. 19% vs. 7%, *p* \< 0.001). [Table 1](#T1){ref-type="table"} and [2](#T2){ref-type="table"} show initial clinical and echocardiographic characteristics in each group, respectively.

Progression rate of aortic valvular stenosis
--------------------------------------------

The mean interval of the echocardiographic studies was 28 ± 13 months. Over this period of time, the maximum aortic jet velocity increased from 2.92 ± 0.81 to 3.19 ± 0.99 m/s and the annual progression rate of maximum aortic jet velocity was 0.12 ± 0.23 m/s/yr, indicating a wide variability in AVS progression. The annual progression rate was more rapid in severe AVS (0.28 ± 0.36 m/s/yr) compared to moderate (0.14 ± 0.25 m/s/yr) and mild AVS (0.09 ± 0.18 m/s/yr) (*p* \< 0.001) ([Fig. 1](#F1){ref-type="fig"}). The progression rate in bicuspid AVS was significantly higher than that of tricuspid AVS (0.23 ± 0.35 vs. 0.11 ± 0.20 m/s/yr, *p* = 0.001) ([Fig. 2](#F2){ref-type="fig"}).

Comparison of rapid and slow progressors
----------------------------------------

At a mean increase in maximum aortic jet velocity per year of 0.12 m/s, the patients were dichotomously divided into rapid (≥ 0.12 m/s/yr) and slow progressors (\< 0.12 m/s/yr). As shown in [Table 3](#T3){ref-type="table"}, the rapid progressor had higher initial maximum aortic jet velocity (*p* = 0.002), higher mean transvalvular gradient (*p* \< 0.001), smaller AVA (*p* = 0.007), and lower E velocity (*p* = 0.018).

Multiple regression analysis for factors associated with AVS progression
------------------------------------------------------------------------

A stepwise multiple regression analysis was carried out to identify the factors which were associated with the increase in maximum aortic jet velocity per year. In univariate analysis, the progression rate of AVS was significantly related to BAV, creatinine, initial maximum aortic jet velocity, LV end-diastolic dimension, left atrial dimension, and E velocity. All variables with a *p*-value \< 0.10 in the univariate analysis were entered in the model. Annual progression rate was independently influenced by initial maximum aortic jet velocity (Beta = 0.175, *p* = 0.003), BAV (Beta = 0.127, *p* = 0.029), and E velocity (Beta = -0.134, *p* = 0.018). To test potential colinearity, Variance Inflation Factor (VIF) and tolerance for each independent variable were estimated. There is no problem of potential colinearity. This data is summarized in [Table 4](#T4){ref-type="table"}.

Discussion
==========

Using echocardiography, previous studies have reported the natural history of AVS.[@B1][@B3][@B4] However, the progression rate for patients with AVS has not been fully established in Asian population and it may differ from that the Western population. This retrospective study has defined the rate and variability of hemodynamic progression of AVS in Korean population and the factor associated with AVS progression. The initial maximum aortic jet velocity, mitral E velocity, and BAV are related to the rate of hemodynamic progression of AVS.

Rate of AVS progression
-----------------------

The mean progression rate of 0.12 ± 0.23 m/s/yr in this study is substantially less than that reported in previous studies.[@B1][@B3][@B4] It could be explained by the result that the initial maximum aortic jet velocity in current study was lower than that in previous reports (2.92 ± 0.81 m/s vs. 3.13 ± 5.0 m/s).[@B1][@B3][@B4] However, when the result of the previous study of 176 patients with mild and moderate AVS[@B4] are compared to that of our subgroup whose initial maximum aortic jet velocity is similar to the former study, this explanation may not be persuasive enough. Even though initial maximum aortic jet velocity of moderate AVS in our study is similar or slightly higher than that of mild to moderate AVS in Rosenhek et al\'s study (3.4 ± 0.29 m/s vs. 3.13 ± 0.39 m/s), the progression rate of AVS in our subgroup is still less than that in Rosenhek et al\'s study (0.14 ± 0.25 m/s/yr vs. 0.24 ± 0.30 m/s/yr). The mean age of patients, which was reported to be associated with the rate of AVS progression,[@B6] is rather higher in moderate AVS patients in current study than that of mild to moderate AVS patients in Rosenhek et al\'s study (67 ± 14 yrs vs. 58 ± 19 yrs) and male proportion of patients is not quite different in both groups (53% vs. 59%). In the Japanese study of 41 patients with mild to moderate AVS,[@B13] the mean rates of progression are 0.11 ± 0.13 m/s/yr in patients under 80 yrs and 0.11 ± 0.14 m/s/yr over 80 yrs when the mean initial maximum aortic jet velocity was 2.95 ± 0.43 m/s and 2.52 ± 0.54 m/s, respectively. Those results are very similar to our findings. Also, it has been reported that there were ethnic differences in AV calcification[@B7][@B8] which play an important role in progression of AVS. Therefore, the progression rate of AVS might be different according to the ethnic differences as well as other causes.

The progression rate of AVS in patients with BAV we observed is 0.23 ± 0.35 m/s/yr. It is similar to the Otto et al.\'s study,[@B1] where in 123 patients with AVS including 34 patients (28%) with bicuspid AVS, the progression rate of AVS in patients with BAV was 0.24 ± 0.30 m/s/yr.

Predictors of AVS progression
-----------------------------

In our study, progression rate of AVS appeared to be more rapid in severe AVS than in moderate and mild. Furthermore, initial maximum aortic jet velocity was one of the independent predictors of the progression rate of AVS. The advantage of maximum aortic jet velocity as a measure of stenosis severity, when contractility is preserved, is that it is recorded directly on Doppler examination, requires no structural assumptions, and has a low intra and interobserver variability in experienced laboratories. In addition to initial AVA, Bahler et al.[@B5] found the severity index composed of valve calcification and mobility to be the independent predictors of AVS progression. In addition, Palta et al.[@B14] reported that initial aortic valve area, smoking, and serum calcium level were also associated with more rapid progression of AVS. However, in present study, smoking and serum calcium level did not appear to be associated with AVS progression. The severity index using aortic valvular calcification was not measured.

Our data showed that the BAV was associated with more rapid progression of AVS. There was no significant different of BAV between rapid progressor and slow progressor. However, in a stepwise multiple regression analysis, annual progression rate was independently influenced by BAV. This discrepancy would be explained by cut-off value of rapid progression. In our study, a mean increase in maximum aortic jet velocity per year of 0.12 m/s, the patients were dichotomously divided into rapid (≥ 0.12 m/s/yr) and slow progressors (\< 0.12 m/s/yr). Although there was no difference in rapid and slow progressor, the progression rate of AVS was significantly related to BAV. This might be because bicuspid valves with asymmetrical leaflet sizes are more prone to rapid valve degeneration which is induced by excessive hemodynamic stress, resulting from straightening and stretching of the leaflets when they are open and close.[@B15]

Interestingly, mitral E velocity is closely related to AVS progression in our study. In patients with AVS, diastolic dysfunction defined as either abnormal relaxation, decreased diastolic filling, or increased myocardial stiffness was observed in approximately 50% of the patients with normal systolic ejection performance, and was found in 100% of the patients with depressed systolic function.[@B16] Thus, E velocity as the factor significantly associated with AVS progression in present study might represent diastolic dysfunction in AVS. The reason for this finding remains uncertain although diastolic dysfunction could be suggested. For better explanation, we have to consider whole diastolic parameters such as E\' velocity, deceleration time, isovolumic relaxation time, and E/E\' ratio. However, this is a retrospective study in a single center. We did not collect whole diastolic parameters such as E\' velocity, deceleration time, isovolumic relaxation time, and E/E\' ratio in every patients. Therefore, our findings should be verified by further well-controlled prospective study.

Limitations
-----------

This study has several limitations. AV calcification has been shown to be associated with more rapid progression of AVS,[@B3][@B5] and ethnic difference in valve thickening and calcification might elucidate the mechanism of the slow progression of AVS in current study.[@B7][@B8] Unfortunately, we did not include the grading of AV calcification by echocardiography or the quantification of AV calcification and thickness by computed tomography (CT) in this study. However, we believe the quantitation of AV calcification by echocardiography is not reliable enough because it depends significantly on the machine setting, image quality and the echocardiographer\'s experience. Also, we had difficulty to do CT scan in the routine evaluation of AVS because CT scan has the risk of radiation exposure. In present study, the progression rate of AVS is slower than that in previous studies conducted in Western population. However, it is hard to compare the progression rate of AVS among different studies and disclose the cause of difference in the progression rate of AVS because clinical and echocardiographic characteristics among studies are different. E velocity was significantly associated with AVS progression in our study. The reason for this finding remains uncertain although diastolic dysfunction could be suggested. For better explanation, we have to consider whole diastolic parameters such as E\' velocity, deceleration time, isovolumic relaxation time, and E/E\' ratio. However, this is a retrospective study in a single center. We did not collect whole diastolic parameters such as E\' velocity, deceleration time, isovolumic relaxation time, and E/E\' ratio in every patients. This is a retrospective study in a single center. Therefore, our findings should be verified by further well-controlled prospective study. Finally, our study focused only on hemodynamic progression, which is not synonymous with clinical progression.

In conclusion, this is the study to estimate the progression rate in Korean AVS patients. In this study, AVS progresses more rapidly in severe AVS than in moderate or mild AVS. Also, AVS severity and BAV are associated with more rapid progression of AVS. Comparing our results with previous studies, the progression rate of AVS in Korean appears to be slower than that in Western population. Therefore, ethnic differences should be considered for the follow-up of the patients with AVS.

![Progression rate of maximum aortic jet velocity according to AVS severity. Bars, mean ± SD. A *p* value indicates difference between groups based on scheffe\'s multiple comparison test. AVS: aortic valvular stenosis.](jcu-18-127-g001){#F1}

![Progression rate of maximum aortic jet velocity with and without bicuspid aortic valve. Bars, mean ± SD. AVS: aortic valvular stenosis.](jcu-18-127-g002){#F2}
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Clinical characteristics
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AVS: aortic valvular stenosis, BMI: body mass index, SBP: systolic blood pressure, DBP: diastolic blood pressure, LDL: low density lipoprotein, HDL: high density lipoprotein
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Echocardiographic parameters
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^\*^analyzed by Kruskal-Wallis test AVS: aortic valvular stenosis, LV: left ventricular, LA: left atrium, BAV: bicuspid aortic valve
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Comparison of rapid versus slow progressors of aortic valvular stenosis
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^\*^slow progresor n = 154, fast progressor n = 118, ^†^slow progressor n = 113, fast progressor n = 101. BMI: body mass index, SBP: systolic blood pressure, DBP: diastolic blood pressure, LV: left ventricular, LA: left atrium, BAV: bicuspid aortic valve
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Association between the progression rate of aortic valvular stenosis and clinical and echocardiographic parameters
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LV: left ventricular, LA: left atrium, BAV: bicuspid aortic valve
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